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PROBLEM TO BE SOLVED: To provide a thin chip type semiconductor 



light emitting device electrically connected to the lead side by 
substantially reducing the thickness of parts occupied by wires to zero, 
without reducing the thickness of the light emitting itself. 
SOLUTION: This light emitting device comprises a light emitting element 1 
having an n- and p-electrodes 2, 3 on the same face facing a crystal 
substrate la. This element 1 is mounted on a lead substrate 6. The 
substrate la transmits light, microbumps 4, 5 are formed on the n- and p- 
electrodes 2. 3, the crystal substrate la is inverted upside down with 
respect to the lead substrate 6 to connect the microbumps 4, 5 to leads 
7a, 7b formed on the chip substrate la, without wire-bonding to the 
electrodes 2. 3 and the top face of the crystal substrate la is used as a 
light take-out face. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is semi-conductor luminescence equipment of the chip mold which carries the light emitting device which 
equipped with n lateral electrode and p lateral electrode the same field which counters with a crystal substrate with the 
laminated structure into which n type layer and p type layer were grown up at least on a crystal substrate in a lead 
substrate. While making a crystal substrate into light transmission nature, on each of n lateral electrode and p lateral 
electrode, the micro bump who consists of a conductive ingredient is formed. Chip mold semi-conductor luminescence 
equipment which connects with the lead which formed the micro bump in the lead substrate as a posture which carried 
out vertical reversal of the crystal substrate to the lead substrate, and becomes considering the top face of a crystal 
substrate as an optical drawing side. 

[Claim 2] Chip mold semi-conductor luminescence equipment of the claim 1 publication which forms n type layer and p 
type layer with the semi-conductor thin film of a gallium nitride system compound, removes a part of p type layer, is made 
to expose n type layer, and comes to form an electrode in each of p type layer and exposed n type layer while using a 
crystal substrate as insulating sapphire. 

[Claim 3] While using a crystal substrate as the n mold GaP substrate of transparence, n type layer is formed with the 
semi-conductor thin film of a GaAsP system compound, p type layer is made to form by performing zinc diffusion near [ a 
part of] the n type layer front face. It is semi-conductor luminescence equipment of the chip mold which carries the light 
emitting device which formed n lateral electrode and p lateral electrode in each of n type layer and p type layer in a lead 
substrate. On each of n lateral electrode and p lateral electrode, the micro bump who consists of a conductive ingredient 
is formed. Chip mold semi-conductor luminescence equipment which connects with the lead which formed the micro bump 
in the lead substrate as a posture which carried out vertical reversal of the crystal substrate to the lead substrate, and 
becomes considering the top face of a crystal substrate as an optical drawing side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the chip mold semi-conductor luminescence equipment which is applied 
to the semi-conductor luminescence equipment of the chip mold using the gallium nitride system compound used for 
optical devices, such as a blue light emitting diode, especially enabled it to form the thickness of luminescence equipment 
still more thinly. 
[0002] 

[Description of the Prior Art] Gallium nitride system compound semiconductors, such as GaN. GaAIN. InGaN. and InAIGaN, 
come to be used abundantly as a semiconductor material for a light luminescence device or elevated-temperature 
actuation electron devices, and expansion in the field of blue light emitting diode is progressing. 

[0003] Generally in manufacture of the semi-conductor of this gallium nitride system compound, insulating sapphire is 
used as a crystal substrate for growing up the semi-conductor film in that front face. In the case where an insulating 
crystal substrate like this sapphire is used, since an electrode cannot be taken out from a crystal substrate side, the 
electrode of p and n which are prepared in a semi-conductor layer will be formed in a crystal substrate and the whole 
surface of the side which counters. On the other hand, in the light emitting device using semi-conductor substrates, such 
as GaAs(es) other than a gallium nitride system, and GaP. n lateral electrode and p lateral electrode can be prepared in 
each of these n type layers and p type layer, being able to use n type layer and the upper layer as p type layer, for 
example for a lower layer. 

[0004] Thus, although the mode of the array of the electrode by the side of n and p changes with crystal substrates into 
which the semi-conductor film is grown up, about connecting with a lead by wire bonding about one [ at least ] electrode 
also in any, it is common. Namely, what is necessary is Just to connect that electrode to the lead of another network by 
wire bonding about p type layer in the thing using a conductive semi-conductor substrate, while making n type layer flow 
through this and connecting this semi-conductor substrate to a lead. Moreover, by the thing using insulating sapphire, wire 
bonding will be given to each of the electrode by the side of n and p like blue light emitting diode. 

[0005] Drawing 4 is the outline of the light emitting diode of the conventional chip mold using a conductive substrate, and 
(b of (a) of this drawing) of the drawing of longitudinal section and this drawing is a top view. 

[0006] In drawing. Leads 22a and 22b are formed in the insulating substrate 21, and fixed maintenance is carried out by 
conductive paste 22c which the light emitting device 23 of light emitting diode was carried on one lead 22a, and was mixed 
into base resin by making silver etc. into a filler. 

[0007] A light emitting device 23 is making lead 22a flow through n lateral electrode 23a located [ upper layer / n type 
layer and ] in a lower limit in a lower layer if it should consider as p type layer and p-n junction should be carried out as 
easiest example, carrying out bonding of the wire 24 made from Au etc. to p lateral electrode 23b of upper limit and 
making it flow through it between lead 22b of another side, and a light emitting device 23 is connected electrically. And the 
closure is carried out with the transparent epoxy resin 25 also including the whole bonding area including a light emitting 
device 23 and the whole wire 24. 

[0008] In the field of the luminescence equipment of the chip mold using such a light emitting device 23, it is left behind as 
an important technical problem in the field of light emitting diode from the point of reduction of the mounting volume 
according [ making thin thickness T from Leads 22a and 22b to the upper limit of the transparent epoxy resin 25 ] to thin- 
shape-izing. it can be said that it became by the time this thickness T was held down by about 300-400 micrometers, for 
example, it was markedly alike and it was miniaturized now compared with the LED lamp whose diameter is about 3-5mm. 
[0009] 

[Problem(s) to be Solved by the Invention] In order to shorten thickness T of luminescence equipment more and to thin- 
shape-ize it further, it is considered as an effective means whether thickness of light emitting device 23 the very thing is 
made small, it suppresses bulky [ a wire 24 / upward ] like illustration, or it considers as these both. 
[0010] However, the thing which the die length to vyhich the thickness and the wire 24 of the whole light emitting device 

23 project upwards from p lateral electrode 23b hardly changes so that the example of illustration may also show. And 
since a minimum is in the laminating thickness in order to change variously the class and laminating gestalt of a semi- 
conductor thin film which there is a thing of various classes in a light emitting device 23, and carry out a laminating to a 
crystal substrate and to aim at improvement in luminous efficiency etc., generally the way which eliminates bulky [ a wire 

24 ] tends to cope with it. 

[0011] In order to suppress bulky [ direction / of the whole with such a wire 24 / thickness ]. considering as wire bonding 
which is soon bent from the node to the lead 22b side without starting a wire 24 from p lateral electrode 23b, as an 
alternate long and short dash line shows (a) of this drawing is mentioned as one approach. If it is wiring of such a wire 24. 
since ** of the thickness direction is lost, it is possible for it to be equivalent to at this rate, and to make thickness T 
small. 



http:/ / www4.ipdl.ncipi.gojp/ cgi-bin/tran_web_cgi_ejje 



2005/09/30 



JP.1 1-1 21 797,A [DETAILED DESCRIPTION] 2/4 

[0012] However, in the bonding of a wire 24 as shown with an alternate long and short dash line, there is a possibility that 
a wire 24 may contact a part for the corner by the side of the front face of a light emitting device 23, especially upper 
limit with the mechanical or thermal stress load after the bending deformation in the process which carries out a resin seal 
with the transparent epoxy resin 25, or the passage of time. And when contact of the wire 24 to such a light emitting 
device 23 occurs, a short circuit will be caused and damage on a light emitting device 23 and the situation of a poor 
luminescence display will be caused. 

[0013] Since it is such, in order to prevent the short circuit between a wire 24 and a light emitting device 23. once it rises 
from p lateral electrode 23b like illustration, it cannot but consider as wire bonding of bending to the lead 22b side. And 
such constraint about the bonding of a wire 24 is the same not only with a chip mold but an LED lamp. 
[0014] As mentioned above, it can contribute to making thickness T small at all any longer about neither the light emitting 
device 23 which is a factor which determines thickness T in luminescence equipment, nor the wire 24. Therefore, if it does 
not wait for development of the light emitting device of a new gestalt. the present condition is being unable to reduce 
thickness T of luminescence equipment to 300 micrometers or less. 

[0015] And since bonding of the wire is carried out to each of these two electrodes also in the light emitting device which 
needs to prepare the electrode by the side of p and n in the same field when using insulating sapphire as a crystal 
substrate in the semi-conductor of a gallium nitride system compound, the same problem will be produced. Moreover, 
although p type layer serves as an optical drawing side in this type of light emitting device, since the bonding pad for wire 
bonding occupies a part of this optical drawing side. It is equivalent to that area, an optical drawing area decreases, and 
this also becomes causes decline in luminous efficiency. 

[0016] Thus, with the luminescence equipment of the conventional chip mold, even if it attains the configuration of a light 
emitting device and a wire, and optimization of **. there is a minimum about the whole thickness, and it waits for the cure 
towards thin shape-ization. 

[0017] The technical problem which should be solved in this invention is to offer the thin chip mold semi-conductor 
luminescence equipment which made substantially flow connection of the ** of the thickness direction of a part where the 
wire also occupied not making thickness of the light emitting device itself small as zero at the lead side. 
[0018] 

[Means for Solving the Problem] This invention is semi-conductor luminescence equipment of the chip mold which carries 
the light emitting device which equipped with n lateral electrode and p lateral electrode the same field which counters with 
a crystal substrate with the laminated structure into which n type layer and p type layer were grown up at least on a 
crystal substrate in a lead substrate. While making a crystal substrate into light transmission nature, on each of n lateral 
electrode and p lateral electrode, the micro bump who consists of a conductive ingredient is formed. It connects with the 
lead which formed the micro bump in the lead substrate as a posture which carried out vertical reversal of the crystal 
substrate to the lead substrate, and is characterized by becoming considering the top face of a crystal substrate as an 
optical drawing side. 

[0019] With such a configuration, since the electrical installation by the side of the lead by wire bonding becomes 
unnecessary also to which electrode by the side of p and n, ** which is equivalent to a standup from the light emitting 
device of a wire is lost, and thin shape-ization of a light emitting device is attained. Moreover, since a crystal substrate 
gives the whole field of the side which is not equipped with the electrode as a luminescence observation side, there is no 
mediation of the pad for bondings etc. and improvement in luminous efficiency is achieved. 

[0020] Moreover, while using a crystal substrate as the n mold GaP substrate of transparence, n type layer is formed with 
the semi-conductor thin film of a GaAsP system compound. Also about the light emitting device of the flip chip mold 
which was made to form p type layer and formed n lateral electrode and p lateral electrode in each of n type layer and p 
type layer by performing zinc diffusion near [ a part of ] the n type layer front face It is good also as a configuration which 
connects these micro bumps to the lead of a lead substrate so that a micro bump may be formed in each of n lateral 
electrode and p lateral electrode and it may become an optical drawing side about the top face of a crystal substrate. 
[0021] 

[Embodiment of the Invention] Invention according to claim 1 is semi-conductor luminescence equipment of the chip mold 
which carries the light emitting device which equipped with n lateral electrode and p lateral electrode the same field which 
counters with a crystal substrate with the laminated structure into which n type layer and p type layer were grown up at 
least on a crystal substrate in a lead substrate. While making a crystal substrate into light transmission nature, on each of 
n lateral electrode and p lateral electrode, the micro bump who consists of a conductive ingredient is formed. A micro 
bump is connected to the lead formed in the lead substrate as a posture which carried out vertical reversal of the crystal 
substrate to the lead substrate. Since it becomes considering the top face of a crystal substrate as an optical drawing 
side and the electrical installation by the side of the lead by wire bonding becomes unnecessary also to which electrode by 
the side of p and n. which is equivalent to a standup from the light emitting device of a wire is lost, and thin shape- 
ization of luminescence equipment is attained. Moreover, since a crystal substrate gives the whole field of the side which 
is not equipped with the electrode as a luminescence observation side, there is no mediation of the pad for bondings etc. 
and improvement in luminous efficiency is achieved. 

[0022] Invention according to claim 2 has an operation that form n type layer and p type layer with the semi-conductor 
thin film of a gallium nitride system compound, remove a part of p type layer, expose n type layer, come to form an 
electrode in each of p type layer and exposed n type layer, and high blue and green luminescence of brightness is obtained 
while using a crystal substrate as insulating sapphire. 

[0023] While invention according to claim 3 uses a crystal substrate as the n mold GaP substrate of transparence Form n 
type layer with the semi-conductor thin film of a GaAsP system compound, and p type layer is made to form from 
performing zinc diffusion near [ a part of] the n type layer front face. It is semi-conductor luminescence equipment of the 
chip mold which carries the light emitting device which formed n lateral electrode and p lateral electrode in each of n type 
layer and p type layer in a lead substrate. On each of n lateral electrode and p lateral electrode, the micro bump who 
consists of a conductive ingredient is formed. A micro bump is connected to the lead formed in the lead substrate as a 
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posture which carried out vertical reversal of the crystal substrate to the lead substrate. Since the manufacture which 
makes thickness of a light emitting device thin is possible after forming n lateral electrode and p lateral electrode of a light 
emitting device which become as an optical drawing side and used the top face of a crystal substrate as the flip chip mold, 
it has an operation that-izing of the luminescence equipment can be carried out [ thin shape ] further. 
[0024] Below, the example of the gestalt of operation of this invention is explained, referring to a drawing. Drawing 1 is the 
outline of chip mold light emitting diode equipped with the gallium nitride system compound semiconductor light emitting 
device by the gestalt of 1 operation of this invention, and (b of (a) of this drawing) of drawing of longitudinal section and 
this drawing is a top view. And although there is a thing of various kinds of modes as a light emitting device using the 
semi-conductor of a gallium nitride system compound, the example is shown in drawing 2 . 

[0025] (a) of drawing 2 is drawing of longitudinal section according [ (b) of the top view of a light emitting device 1 and this 
drawing ] to the A-A line view of (a). 

[0026] In (a) of drawing 2 . and (b). a light emitting device 1 is insulation and forms two or more semi-conductor thin film 
layers by well-known metal-organic chemical vapor deposition conventionally on the front face of crystal substrate la 
using the sapphire which can penetrate light. The layered product of this thin film considers as GaN buffer layer lb, n mold 
GaN layer 1c. Id of InGaN barrier layers, p mold AIGaN layer 1e. and If of p mold GaN layers from the bottom at order, 
and has double hetero structure. 

[0027] The top face of the one corner section of n mold GaN layer 1c is removed by etching in the shape of a level 
difference, and forms the n lateral electrode 2 which put the cascade screen of nickel and Au on this removed part the 
cascade screen of Ti and Au, and on it with vacuum deposition. Moreover, the p lateral electrode 3 which consists of the 
cascade screen of nickel and Au is similarly formed in the top face of If of p mold GaN layers of the maximum upper layer 
except the excision part by etching by vacuum deposition. 

[0028] The light emitting diode of the chip mold incorporating a light emitting device 1 is equipped with the leads 7a and 7b 
formed in the insulating lead substrate 6 like what was shown in the conventional example, connects a light emitting device 
1 to these leads 7a and 7b electrically, and closes it with the transparent epoxy resin 8. 

[0029] As shown in drawing 1 . a light emitting device 1 turns to the lead substrate 6 side the posture, i.e.. n, side which 
makes crystal substrate la a luminescence observation side, and the p lateral electrodes 2 and 3, connects the micro 
bumps 4 and 5 to Leads 7a and 7b, respectively, and is being fixed. And crystal substrate la can be made to emit light in 
the direction of facing up in drawing by what is considered as transparence fi^om the luminescence region by p-n junction. 
[0030] Thus, the wire connection by wire bonding becomes unnecessary by connecting the micro bumps 4 and 5 to Leads 
7a and 7b soon. For this reason, it becomes the structure without the upward standup of a wire 24 as shown in drawing 4 , 
and can be made the thickness which does not contain "t"* equivalent to a part for this standup. For example, in the light 
emitting diode of the conventional chip mold, that thickness was about 300-400 micrometers can make it thin to about 
200-300 micrometers. 

[0031] Moreover, since the optical drawing side of a light emitting device 1 turns into an upper limit side of crystal 
substrate la in (a) of the front face of crystal substrate la of transparence which used sapphire, i.e., drawing 1 , 
improvement in the brightness of luminescence is also attained compared with the conventional thing which carries out 
wire bonding. Since a bonding pad will occupy a part of optical drawing side in the case where wire bonding is carried out. 
this is because there are no shelters, such as a bonding pad. in crystal substrate la of the posture which carried out 
vertical reversal by this invention to ****ing in the occupancy area and an optical drawing area being extracted. 
[0032] In the above example, it is the case where insulating crystal substrate la is used, and the electrodes 2 and 3 by the 
side of n and p prepare in the crystal substrate la and whole surface side to counter, and can provide as blue LED. Thus, 
not only that by which the location of the electrode by the side of n and p was regulated but a thing with a conductive 
crystal substrate can be considered as the configuration which arranges each electrode by the side of n and p to the 
same field. Therefore, it must be contained in the same field where conductive any are sufficient and the electrode by the 
side of p and n counters to a crystal substrate also with insulation as a crystal substrate. 

[0033] Drawing 3 is the light emitting device of the flip chip mold formed in the field where the electrode by the side of 
such p and n counters to a crystal substrate, and is drawing showing the configuration of the light emitting device for 
luminescence equipment according to claim 3. 

[0034] The light emitting device 1 1 shown in drawing 3 forms n type layer of GaAsP on it as crystal substrate 11a of the n 
mold GaP of transparence by the laminating of n mold GaAsP grade layer lib and n mold GaAsP constant layer 11c. 
[0035] In the front face of n mold GaAsP constant layer 1 1 c, 1 1 d of p mold GaAsP layers is alternatively formed in the 
upper limit side of the zinc diffusional operation in a manufacture process. And the n lateral electrode 12 and the p lateral 
electrode 13 are formed in each top face of n mold GaAsP constant layer 11c and lid of p mold GaAsP layers, and the 
micro bumps 14 and 15 are formed in it like a previous example at these electrodes 12 and 13. 

[0036] In addition, the formation approach of a light emitting device 11 can be made into the almost same technique as the 
light emitting device shown in drawing 2 . 

[0037] Here, in the light emitting device 23 of a GaAsP system used for the light emitting diode of the conventional chip 
mold of drawing 4 , before forming n lateral electrode 23b, it is necessary to make thickness of a light emitting device 23 
thin. Since crystal substrate 11a of GaP tends to break compared with crystal substrate la of sapphire, when making a 
light emitting device 23 thin, the yield fall by the crack of a light emitting device 23 occurs in the handling in the middle of 
electrode formation etc., and 1 50-200 micrometers of thin shape-ization of a light emitting device 23 are a limitation. 
[0038] In the light emitting device 1 1 of drawing 3 , since the thickness of the light emitting device 1 1 at the time of 
forming the n lateral electrode 12 and the p lateral electrode 13 is as thick as 300-400 micrometers, the problem of the 
crack of a light emitting device 1 1 is not generated, in order to carry out after forming the n lateral electrode 12 and the p 
lateral electrode 13. thin shape-ization of about 90 micrometers equivalent to the light emitting device 1 of the gallium 
nitride system compound shown in drawing 2 of the process which makes thickness of a light emitting device 1 1 thin can 
be attained, it can be markedly boiled compared with the conventional light emitting device, and can be made thin. 
Moreover, the thickness of the light emitting device 1 1 in the middle of electrode formation is thick, and since electrode 
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formation is not performed after thin-shape-izing a light emitting device 11. the crack of a light emitting device 11 can be 

prevented. Therefore, also in manufacture of a light emitting device 1 1. the yield is highly maintainable. 

[0039] 

[Effect of the Invention] In invention of claim 1. since the electrical installation by the side of the lead by wire bonding 
becomes unnecessary also to which electrode by the side of p and n. which is equivalent to a standup from the light 
emitting device of a wire can be lost, and the expansion which the field of the invention expanded by thin shape-ization of 
luminescence equipment is attained. Moreover, since the shelters, such as a pad for bondings, are absolutely none in the 
optical drawing side of a crystal substrate, the optical whole drawing side light emission of a from becomes possible, and 
high luminescence of brightness is obtained. 

[0040] In invention of claim 2. since high blue luminescence of brightness is obtained, the blue light emitting diode 
excellent in the luminescence can be offered. 

[0041] In invention of claim 3, since the manufacture which makes thickness of a light emitting device thin is possible after 
forming n lateral electrode and p lateral electrode of a light emitting device which were used as the flip chip mold.-izing of 
the luminescence equipment can be carried out [ thin shape ] further, and since the crack of the crystal substrate like an 
electrode formation fault can moreover also be prevented, the yield of a product also improves. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the chip mold light emitting diode containing the gallium nitride system compound semiconductor light 
emitting device by the gestalt of 1 operation of this invention, 

(a) is the outline drawing of longitudinal section. 

(b) is the top view. 

[Drawing 2] It is the detail of a light emitting device. 

(a) is the top view. 

(b) is drawing of longitudinal section by the A-A line view of (a). 

[Drawing 3] It is the outline block diagram of the light emitting device with which luminescence equipment according to 
claim 3 is equipped, 

(a) is the top view. 

(b) is drawing of longitudinal section by the B-B line view of (a). 

[Drawing 4] It is the example of the conventional chip mold light emitting diode. 

(a) is the outline drawing of longitudinal section. 

(b) is the top view. 
[Description of Notations] 

1 Light Emitting Device 
la Crystal substrate 
lb GaN buffer layer 

Ic n mold GaN layer 
Id InGaN barrier layer 
1e p mold AIGaN layer 
If p mold GaN layer 

2 N Lateral Electrode 

3 P Lateral Electrode 

4 Five Micro bump 
6 Lead Substrate 
7a. 7b Lead 

8 Epoxy Resin 

1 1 Light Emitting Device 
11a Crystal substrate 

lib n mold GaAsP grade layer 
lien mold GaAsP constant layer 
lid p mold GaAsP layer 

12 N Lateral Electrode 

13 P Lateral Electrode 

14 15 Micro bump 
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ffiJCcfcor. nfflJSC>'pWJcoS@®iB9»J<D^.«?:>WcC€> 

y^')r-7i<:y7=^:y^^cj:'z>x Ktcg;^T'5c<btc 

[000 5] m4iitmm^(om^^mi>fciit^(09^^:^y' 
mo:>^^^^-\'<DmKx^^x. mm(D (a) t^-e 

©*ffiBfffia. Plia^^) (b) {3:q^MST?*^c 
[0006] la^CfcC^r. ^J^14CDatg2 1 CC U - K 2 
2a. 22hi)mf&$tl. —:^<DV-\'2 2a.(D±(^C^ 

Y<omtm^2 3fAmm^tixmm^y ^ 

[0007] %7£«^2 3 «Sfc®#^:cMt L"CT®^ 

n^BRO'JbH^P^Hi brp -nS^$n/c^cD<b 
-r^i. TSS^Cfug-r^n{lijm@2 3 a^';-K2 2 a 
(CaSa^ii. Ji^0[)pra^®2 3 bCCliAu^^^Wi 

•r«>'7-<i'-2 4*ffe:fif<Dy- F2 2 btomcc^jof^ 

S.^Sn'S. ^Ur. ^^-?-2 3&0''7'Yir'-2 4CD 
^W^^A.X^^f -i >i/x.vr<0±»h'^ebxmmrj: 

[0 0 0 8] c<DJ:^rj:§^yam'T'2 3^mii^^^^:^y'm 

<om^^S<D^mx\it. 'J - F 2 2 a . 2 2 b *i 6jSHB 

-F<D^ifr53:fiM35:^JIi<?:Lr^3nri^^o ^^-C 
iit. CCDj¥STti3 0 0--4 0 0 MmfiS^ "CCcWJ^jA 
$n€>^-CCcAj:<9. /ci;^{^il:S35^3--5mmliS[c?:>L 
E D ^ > y'(,ctt^^ L tS©CC/hM{ b^ n/c <!: C ^x. ^« 
[000 9] 

[0 0 10] \^iP\^fxi:^P>. SI^OW>6fc*0^J:^ 
CC. ^^T-2 3 0:^(*CDil^i^>ri^-2 4:05pfiJm 
ffi2 3 b75^e±^cg^^ai€>S$t3:%^^^^e3^C^Ci. 

Ra^^^^2 ?^^c\%^m^mmoh(Dti^^-:>x^^m 
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[0 0 1 1 ] CCDJ:^»?&'7^-t'-2 4CCj:^^<*<D;?3 

2 3 b;&:»6lL^±tf^ci.-c-€-(pJgR«^>6S:tCi;-- K2 
2 b fSiKcfltf ^cfc ^ j^j: -7 -^-J^^^r' > d^iT-B C t 

coo 1 2] tC^iJ^. ~^Sm'C^s'r<k^rj:ry^^^ 
2 4(D^>7^^ >yrti. jg0ancx;i<:*^i^1^fl§2 5CCJ: 

5&^^^c ^Ur. CCr>cl:^3^«:)e:^^2 3--CDr7-Y•t'- 
2 4cD®M?&^^^'r-Si^f.&^@C'rcitC;^d:0. 

^^2 3 <Dmm^m^mm^m<Dmm^m < c <b tc^c 

[0 0 1 3 ] CCDcfc^J^j:Cid^6. •7'ri--2 4ch#fe7e: 

fi[iMffi2 3 b*:»6— 0:&^±lf r*>6 K 2 2 bffirJCc 

Ur. CCDJ:^?^»7-Y-^— 2 4CDJi<'>T'^ >^^oc^r 
<D$IJ*^{i. ^ ^^'MfcC^-C^i/^i: < L E D ^ > 

[0 0 1 4] i^icDcfc^tc. ^3feS^igCC:tet:t^J¥$T^ 

xk^^m^x^^^ytm^2 sjsli^v^^- 2 4cDc^-r 

nCCOl^iTfe. ;?$T€:/h3 <"r'5^C ttc«, fc«^f5j 

j^z>'nm(Dmm^m omcmni ^^x^^^tf^^^ ^^itmi^iiC 
^cjc^rfc. cn6cD2fiicD^@<z)-en-e*7Ccc7-f -t'-^ 

[ 0 0 1 6 ] CCOJ: ^ tC. e£*(D^ y VmO^yt^SX 
MM^^WtctiXis^^o 

[0017] *^ig&cfcc^T^9t-r-<#iss«. 
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[0018] 

j#i^Mo]|gs»«i *frfii-r ^[^— Office n fflo^so' p 

10 'S>i<5:4>{C, nffliJ^ffiRO'pffliJm®<D^n^#iCD±tC« 

ffiOiM^TfeHXai L E i O r 3S: ^ C i ^fiFift <b T So 
[0 0 19] CCDcfc^J^c^^r-li. p{IiJS:D^'nfIiJcDC^'r 

20 \.^rj:{.>m<om<oi^w^^mmti,x^7Li><ox. rj< 
[0 0 2 0] ^fc. t^^Bmm^mmconmG aps^t 

-en-en V p > u r*sss«o±ffi «: 

[002 1 ] 

tt i T -5 i i 4> cc . n mnMBLU p wjmscD-E-n-enco 
50 [0 02 2] iS3K:^2 tcfaig<D^Bj«. t^^mw^mm 



5 

[002 3 ] isstss (tcnEm<Dmm{t. m^miR^mm 

(OnMG a Pm^tT ^^^h(rC^ nS^^GaAsP 

fl^#S7fe^ar*>or. nfiijm®Ro'pfM^@(D-eti^n 

<D±Cc«^mi4*m3lr> 6 ^ ^ a y ^^ > -^^nm L . 
0 . :7 V-;' :7> y y'm t L fc^ytmi^(D n P 

[002 4] j^:iT^c. :f:mM(Dmm(omm(DMci^m^m 
^«ffi»fffii3. mm(D (b) ti^ffl0'c^'E)o ^Lr. m. 

[0025]g|2CO(a) ti^Ttm^F- 1 (D^ffi^. IBJEI 

(o (by ftt (a) (OA''Am9^mcj:^m»immx^^ 

[0026]^2CD(a) RO' ( b) tC^jl^T. 
l^fc$SSS^ l aC7)affiCC|S^C7)^#f*plM/l^fi£*^ 

*aa) W«^ismti^S?itc j: r iSiii u /c ^> (D-c ^ ^ « 

b. nMGaNHlc, I n G a N«t4ll 1 d , p^A 
1 GaNMl e^^O'pMGaNH 1 f tLtci>(0'C^ 

[002 7] n^GaN® 1 c ocon-t^-SPOi 

(Dmmm t ^mt^tc n mmm 2 *^#s&{c j: o rn?^ u 

BcDp^tfGaNfll f (T^JiffitCCa:. NiiAuOSaii 
7l>>6)?£S p IfM® 3 7j>5|^^tc^#i^ J: o xmrn^tiX 

[0 02 8 ] siTfe^T- 1 ^m^iz^t^^ y ■y'm(o^^^^ 
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(D';-F7a. 7 bCC^^^l ^mMfi^Jc^^urS 
[0 0 2 9 ] ^itmif' US. SI ^^-TJz ^ (C. 

5€:^n^n';- K 7 a, 7 b ic^;^L-cia^5 
p-nS^&cj:^^^7&:»6Sccfcc^'r±|ai^:S'[Si 

10 [0 0 3 0 ] COJ:^^^;- K7 a. 7 b OCV-/ ^a>'^• 

vV'm<0^^^>(^- YX\^m^t^3 0 0--4 0 OMm 
mSrC^-^fcXOiyy 2 0 0-3 0 0//m^S^-C9l<T 

[0 03 1 ] ^/c. ^7fe^^l07feBXaiUffitJ1^>'r -Y 
20 i-«rfflC^/ciSajO*£SS« 1 a (OmM-irtjiio^m 1 O 
(a) tC*5l^T*SaSfel aCD±ffiffiiAj:^cD-e. fit* 

1 a ^C\X^ly^ ^ > y F^<Dj®Sgig5:^^& 

[0 032] iu±o«?a-c(3:. mmn.(Di^^mu i a 

30 C^/ci#^-C45>o-CnffliJSO'pffl!J<Dm®2. 3 

1 a i*f[^Ta--MiJCC^t-:^/c*>Or'^-:>r. WfeLE 

^^o-c 4> n m'Rzjf p f uo^n^ntDm® 
<. pffliMo^^niijcD-iiSj^^^^Sft^^c^f^urjE^f^Tei^ 

[0033] l^3«CCr)J:'5J'j:p flJJS^O' n m<omMi)'^1^ 

mDmm^x ab r . 3 ict atsco^:>iE^g€:>!t 

[ 0 0 3 4 ] 13 3 tiCffs-^^itm^ 1 1 M?B<DnMG 
aPCDM^a^Kl 1 a iUr. -eO±(^Cn^Ga A s P 
^U-- F® 1 1 bRO*nMGa A s P:3>;;^di> Fil 1 
1 c CDSHCCcfc 0 G a A s PO n^€:?fJ^L'/c4>0-r 

[0 0 3 5] n^Ga A s Pa>;^:$?> FUl 1 c<D* 

50 JSMtCiStRfi^tCpSGaA s P® 1 1 dsO^JK^^nri^ 
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^, -eUT, nSGa A s Pra>;^^> hill 1 cRC^* 
p^Ga A s PHI 1 dCD^n-enOiffiCCii. nfflijm 

1 3CC^:3:9c(DWtmt^^'7-( {^OJ^>:/l 4. 1 5€rff$ 

[0 03 6 ] rxis. §^ytmih 1 1 (D^fsc^jmu. mz^c 
[0 03 7 ] ccr, m4(ou^(D^ yy'mcomyty-c 

F'.cfflC^:rcGa A s P^CD^^m^Z Srii, nfffj 

^2 3 b^jf^i?S'r-sf?tc^^^2 3com^^w< r 

^ii^^^i^^hi>. G a P cD^Sb^SM 1 1 a('i1f >'T -rrtD 
^S^a^i aCCj:b-^ri()n^TC>/ce6. ^^^^2 3* 

^23 CDSancc J: -5*S 0 ®T>:>5#fe* L . #636^^- 2 3 

cmmitu 1 5 0--2 0 0 umtm^x-^^a 

[0 03 8 ] S 3CD^7t*^ 1 1 Tii. nllijm® 1 2S 
O'P fffjm® 1 3 ^rJKfiR-r SfiRCD^^feig^ 1 1 (DW-M^ 3 

0 0'-4 0 0 Mm<?:i?Ci/ces?)tC^:)feS^l 1 OflJIaCDRq 

n fSiJ«@ 1 2 P ffliJ«@ 1 3 ^l^^Su L /eft tC^Sfe 
[0 03 9 ] 

[^0^CD3aj*] it>J^:S 1 CD^BJ-CiS. pffliJ&O'nfflijOC^ 

[0 040] m^mz (D^mvit. nm<D-m^>m^<D§^ 
[0 04 1 ] m^msoy^mxu. y ^ ^ 
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[0S©fS*>5cSi0^] 

[0 1 ] ■^^^n<D—m.wmi^^cx^mtii')^i<^\t 
^^{^^m^^^t^^ V y'MM^^ ^ Fr* 

(a) it^commmmmm 

( b ) iit^(Dw-mm 

10 [132 ] ^^TcDSfM-c^-.^r. 

(a) (S-eo^MS 

(b) « (a) <DA-A«^!^mtCj:^$a»f®(^ 
[S3] fS5}c«3CCiei6cr)#fe7tKigCC<i^^J^^^CD 

(a) ^i-eo^ffiH 

(b) (a) <DB-Bj^5^mtci:€>ja»TMS 
[®4] S£3S<D^^^::^S#fe7ei5/'>r:t- FO«?!l^*-^T, 

(a) t3:^O««BSfa»TM0 

(b) Ci^CD^ffiEl 
20 [TJ^OSJB^] 

1 ^^-T- 

1 a *S^SS 

lb Ga N>'^*•y :7 tH 

1 c nMGa NH 

1 d I n GaNrSttH 
1 e p^A 1 GaNH 
1 f p^GaNB 

2 nmmm 

3 ptfJMS 

30 4 . 5 'T'-r ^p^s>:7' 

6 U-FS« 

7 a . 7 b y - F 

1 1 mtmi^ 

1 1 a 

lib nSGaA s Pi^U- FS 

1 1 c nMGaA s Pn>;:^i>>F® 

1 1 d pMGaA s PH 

1 2 nmmm 

40 13 p(BiJ^@ 

14, 15 ^aj^>:f 
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[04] 

ZS Z3b 23 




^ Zf 



